B oth acute and chronic alcohol abuse can induce significant defects in the body's defense against microorganisms (i.e., pathogens) by interfering with multiple aspects of the immune response. The resulting increased risk and severity of infections in chronic alcoholics has been recog nized as early as 1785, by Benjamin Rush, the first Surgeon General of the United States. The impact of alcohol abuse on risk and severity of infection has been demonstrated par ticularly well for infections of the respiratory tract, especially bacterial pneumonia and tuberculosis (Zhang et al. 2008) . Alcohol consumption also is associated with a higher preva lence of hepatitis C infection (Prakash et al. 2002) and increases the risk of infection with the human immunodefi ciency virus (HIV), particularly in binge drinkers (Baliunas et al. 2009 ). In addition to increasing the risk of infections, alcohol abuse has been reported to contribute to the morbidity and mortality resulting from these infections in alcohol abusing patients. This is particularly relevant in chronic infections, such as HIV and hepatitis C. After providing a brief overview of the human immune system and its various components, this article summarizes alcohol's diverse effects on these components.
Overview of the Human Immune System
The body constantly is exposed to pathogens that penetrate either our external surface (i.e., the skin), through wounds or burns, or the internal surfaces (i.e., epithelia) lining the respiratory and gastrointestinal (GI) tracts. The body responds to such an infectious challenge with a twolevel response. The first line of defense is called the innate immunity; 1 it exists from birth, before the body is even exposed to a pathogen. It is an immediate and rapid response that is activated by any pathogen it encounters (i.e., is nonspecific); in addition, it plays a key role in the activation of the second level of the immune response, termed the adaptive or acquired immu nity. This part of the immune response is specific to one par ticular pathogen and also creates an "immune memory" that allows the body to respond even faster and more effectively if a second infection with the same pathogen occurs. Both innate and adaptive immunity rely on a multitude of differ ent cells and molecules. Thus, both types of immunity are mediated partly by the actions of specific immune cells (i.e., include a cellmediated response) and partly by the actions of molecules secreted by various immune cells (i.e., include a humoral response).
The Innate Immune Response
The innate immune response comprises five main elements:
• The physical barrier formed by epithelial cells in the skin, gut mucosa, and airways that prevents the entry of pathogens into the body;
• A chemical shield to prevent microbial growth and inva sion that is provided by antimicrobial peptides, reactive oxygen species, and the pH and lipid composition of the internal and external surfaces;
• A pathogen recognition system that identifies invading pathogens (e.g., through molecules called Tolllike receptors);
• An inducible response to invading pathogens that includes cellmediated and humoral components; and
• The coordinated recruitment of other cells that amplify the response.
Virtually all of these components are affected by alcohol; however, the discussion in the following sections will focus on the first and fourth of these elements.
The cellmediated arm of the innate immunity is orchestrated primarily by granulocytes, monocytes/ macrophages, dendritic cells, and natural killer (NK) cells. Granulocytes are white blood cells (i.e., leukocytes) that derive their name from the large granules that are visible when the cells are stained for microscopic analysis. They further are characterized by oddly shaped nuclei with multiple lobes and therefore also are called polymor phonuclear leukocytes (PMNs). They represent approxi mately 60 percent of all circulating leukocytes. The most abundant type of PMNs is called neutrophils. These cells act as phagocytes-that is, they engulf pathogens and ingest them in a process called phagocytosis. In addition, they can excrete toxic substances from their granules that can kill pathogens. PMNs produce a host of bacteria killing (i.e., bactericidal) molecules (e.g., myeloperoxidase, defensins, azurophilderived bactericidal factors, bactericidal permeabilityincreasing protein, cationic proteins, gelatinase, and lactoferrin). In addition, PMNs participate in the reg ulation of the local defense response by releasing signaling molecules called cytokines and chemokines (e.g., tumor necrosis factor [TNF]α; interleukin [IL] 1β, IL6, and IL8; and macrophage inflammatory protein [MIP] 2). These molecules help recruit and activate additional PMNs as well as macrophages to the site of an injury or infection.
Monocytes and macrophages are leukocytes with a single lobed nucleus that also act as phagocytes and which there fore also are called mononuclear phagocytes. Monocytes are an immature form of these cells that circulate in the blood until they are alerted to the presence of a pathogen in a particular tissue. Once they are at the site of infec tion, they swell in size and develop into the mature defen sive cells-the macrophages-that enter the tissues. After eliminating pathogens by phagocytosis, the monocytes exhibit pathogenderived proteins and other molecules (i.e., antigens) on their surfaces. This is important for activating the cells of the adaptive immune response. Finally, mono cytes and macrophages also produce certain cytokines that help regulate immune system activity.
Dendritic cells also are mononuclear phagocytes derived from monocytes. Their main role is to capture, ingest, and process antigens in order to present them on their surface to cells of the adaptive immune response (i.e., to the Tlymphocytes). Thus, dendritic cells play a crucial role in linking innate and adaptive immune responses. Lastly, NK cells are abundant in the liver (Gao et al. 2009) • Interferons (IFNs) are proteins that are involved in the immune response to viral infection. Thus, they partici pate in inducing a state of resistance to viral replication and upregulate the cellmediated immune response to viral infection.
• The complement system comprises a large number of dis tinct plasma proteins that react with one another to cover the surface of a pathogen so that it can be recognized and ingested by phagocytes. This process, which is called opsonization, induces a series of inflammatory responses that help combat the infection. The complement system can be activated through three different biochemical pathways.
• Acutephase proteins are, as the name implies, produced early during an inflammatory response to infection. They participate in the opsonization of pathogens and of monocytes that have ingested pathogens as well as in the activation of the complement cascade. Important acute phase proteins are Creactive protein, mannanbinding lectin, and pulmonary surfactants A and D.
The innate immune response orchestrated by all these components provides the first line of defense against invading pathogens and plays a key role in the activation and orientation of adaptive immunity, as well as in the maintenance of tissue integrity and repair. Only if a pathogen can evade the different components of this response (i.e., structural barriers as well as cellmediated and humoral responses) does the infection become estab lished and an adaptive immune response ensues.
The Adaptive Immune Response
The innate immune response to a pathogen is followed by an adaptive immune response that is activated only after the body is exposed to the pathogen for the first time and which is specific to that one pathogen. This activation of the adap tive immune response depends on the display of antigens from the invading pathogen (or any other foreign molecule) on the surface of antigenpresenting cells (e.g., monocytes or dendritic cells) in a way that can be recognized by the cells mediating the adaptive immune response-that is, the T lymphocytes (or Tcells) and the Blymphocytes (or Bcells). • Cytotoxic Tcells recognize antigens on the surface of virusinfected or transplanted cells and destroy these cells; each cytotoxic Tcell recognizes only one specific antigen. Cytotoxic Tcells are characterized by the presence of a molecule called CD8 on their surface.
Bcells are responsible for the humoral arm of the adaptive immune response. They produce immune molecules called antibodies or immunoglobulins that they can either display on their surface or secrete. The antibodies can recognize and interact with antigens, and each Bcell produces antibod ies that recognize only one specific antigen. The antigenantibody interaction leads to the activation of the Bcell. The activated Bcell then begins to multiply and mature fully in a series of developmental processes that are accom panied by changes in the class of immunoglobulin that the cell produces (i.e., immunoglobulin class switching).
2 In most cases, the resulting daughter cells develop into plasma cells, which secrete many copies of the antibody into the blood or fluid between cells. These antibodies then will bind to any matching antigen molecules they encounter in the blood or on other cells, thereby marking them for destruction. Some Bcells, however, become memory cells that will remain dormant in the body for years and can be activated rapidly if a second infection with the same pathogen occurs. The activities of Tcells and Bcells are intricately intertwined through the actions of various cytokines to orchestrate an effective immune response to any pathogen the organism may encounter.
Both the innate and the adaptive immune response are critical for effective host defense to infectious challenges. Multiple aspects of both arms of the immunity response are significantly affected by alcohol abuse, as described in the following sections.
Alcohol and the Innate Immune Response

Alcohol and Structural Host Defense Mechanisms
The first line of host defense involves both structural (i.e., epithelial) cells and immune cells (i.e., macrophages and dendritic cells) at mucosal surfaces. The epithelial cells function as a physical barrier as well as regulators of the innate and adaptive immunity. Particularly important are the epithelial immune barriers of the reproductive, GI, and respiratory tracts. Several lines of evidence suggest that alcohol abuse signifi cantly disrupts the GI and respiratory tract immune barriers.
Effects on the GI Tract. The GI tract is the organ exposed to the highest concentration of alcohol during acute or chronic ingestion. Therefore, it has been studied extensively with respect to the pathologic effects of alcohol, particularly as they impact the ability of the intestinal barrier to allow passage of certain substances into the blood (i.e., intestinal permeability). Collective evidence from animal and human studies indicates that chronic alcohol abuse results in exces sive intestinal permeability, which may underlie several of the health consequences of excessive alcohol consumption (Keshavarzian et al. 1999; Rao et al. 2004) . For example, alterations in cell structures called tight junctions in the epithelial cells lining the intestine contribute to the patho physiology of alcoholinduced intestinal permeability (Rao 2009 ). These tight junctions are areas where two epithelial cells are closely associated with each other. They serve to hold the cells together and to prevent the direct passage of water and other molecules from the intestine into the blood stream. Thus, if the tight junctions are damaged (e.g., by alcohol's actions), material from the intestine can "leak" into the blood, as has been shown by increased levels of bacterial molecules called lipopolysaccharides (LPSs) in the blood of alcoholic patients (Hanck et al. 1998 ). Alcohol interferes with tightjunction functioning through several mechanisms. For example, alcohol (or its metabolite acetaldehyde) impairs trafficking of epithelial tightjunction proteins, such as zona occludens (ZO)1 and occludin (Atkinson and Rao 2001) . Moreover, alcoholinduced epigenetic effects may modulate the production of tightjunction protein. Thus, studies found that alcoholics with liver disease exhibited dramatically increased expression of a small, regulatory molecule called microRNA (miR) 212 in colon tissue samples (Tang et al. 2008) . miR212 can bind to the messenger RNA (mRNA) from which the ZO1 protein is produced; this binding prevents ZO1 production, thereby contributing to alcohol induced increased permeability of the intestinal epithelium and to the "leaky" alcoholic gut.
The consequences of impaired gut structural integrity are significant (see figure 1) . Increased intestinal leakage allows bacteriaderived products, such as LPSs, to enter the blood stream supplying the liver (i.e., the portal circu lation) and, in the liver, to activate a variety of cells, including endothelial cells, liver macrophages (i.e., Kupffer cells), stellate cells, and the main liver cells (i.e., hepatocytes).
This results in a chronic inflammatory environment con ducive to liver injury.
In addition to contributing to the pathogenesis of alcoholic liver disease (Rao 2009 ), other observations suggest that enhanced endothelial permeability is detrimental to HIV disease course in alcoholabusing patients. In the simian immunodeficiency virus (SIV)/rhesus macaque model of HIV infection, chronic alcohol feeding increased the number of virus particles in the blood (i.e., plasma viral load) and hastened the progression to AIDS Poonia et al. 2006) . Both HIV and SIV infection themselves cause extensive intestinal disease and enhanced intestinal permeability during advanced disease stages; moreover, evidence from HIVinfected humans and SIV infected primates shows a compelling association between Figure 1 Alcohol's effects on the structural host defense of the gastrointestinal (GI) tract. Alcoholinduced changes in tight junctions cause increased intestinal leaks that lead to translocation of bacteriaderived products such as lipopolysaccharide (LPS). These molecules enter the circulation to the liver where they activate endothelial and stellate cells as well as hepatocytes, resulting in a chronic inflammatory environment aggravating organ injury. This also may contribute to HIV disease pathophysiology.
NOTE: CD14 = cluster of differentiation 14; HSC = hepatic stellate cell; IL = interleukin; NADPH = nicotinamide adenine dinucleotide phosphate; TGF= tissue growth factor; TNF = tumor necrosis factor; TLR4 = tolllike receptor 4. Effects on the Respiratory System. Mucosal organ "leakiness" resulting from chronic alcohol exposure also contributes, through a variety of mechanisms, to the pathophysiology of acute respiratory distress syndrome (ARDS) or acute lung injury, a serious complication frequently associated with sepsis and trauma in alcoholabusing patients (Moss et al. 1996 ) (see figure 2 ). Chronic alcohol abuse decreases the levels of the antioxidant glutathione in the lung, leading to oxidative injury that predisposes to ARDS (Holguin et al. 1998) . Alcohol abuse also affects the tight junctions between the epithelial cells in the small airsacs (i.e., alveoli) where the exchange of oxygen and carbon dioxide occurs in the lung. Moreover, chronic alcohol abuse interferes with the actions of a signaling molecule called granulocyte/macrophage colony-stimulating factor (GM-CSF), which is secreted by various cells (including epithelial cells) and stimulates the production of granulocytes and monocytes. GM-CSF sig naling by alveolar epithelial type II (AE2) cells is important for protecting the body against lung infections because it induces macrophage maturation and promotes epithelial barrier maintenance (Joshi and Guidot 2007) . Finally, the ciliated epithelium of the airways (i.e., bronchi), which also is a critical structural component of innate lung immunity, has been reported to be impaired by alcohol (Elliott et al. 2007 ). This increases the risk of airborne bacteria entering the lungs, contributing to the increased risk of infection associated with alcohol abuse.
Figure 2 Alcohol abuse decreases host defense against bacterial infections. In the lung, alcohol decreases barrier integrity, antioxidant capacity, chemokine and cytokine production and release in response to infection, and recruitment and activation of polymorphonuclear cells. Together, these defects in host response are associated with increased risk, morbidity, and mortality from infections in the alcohol abusing host.
NOTE: AE = alveolar epithelial; GM-CSF = granulocyte/macrophagecolony stimulating factor; ROS = reactive oxygen species; PMN = polymorphonuclear. Alcohol's Effects on PMNs. Alcohol abuse results in profound defects in PMN function. For example, alcohol suppresses tissue recruitment of PMNs during infection and inflammation, which can lead to increased susceptibility to bacterial infections (particularly pneumonia), decreased removal of invading bacteria (i.e., bacterial clearance), and increased mortality from pneumonia (Zhang et al. 2002) . Thus, alcohol interferes with various processes necessary to deliver neutrophils to the site of an infection, such as expression of a molecule called CD18 on PMNs in response to inflam matory stimuli and PMN "hyperadherence" to endothelial cells following appropriate stimulation (MacGregor et al. 1988 ). In addition, alcohol significantly inhibits PMN phagocytic activity as well as the production or activity of several molecules (e.g., superoxide or elastase) that are involved in the PMNs' bactericidal activity (Stoltz et al. 1999) , so that overall bactericidal activity ultimately is reduced. Alcohol abuse also profoundly affects the production of new granulocytes (i.e., granulopoiesis), particularly in response to infection (Zhang et al. 2009 ). In fact, alcohol abusers with severe bacterial infection often present with abnormally low granulocyte levels (i.e., granulocytopenia), which in preclinical and clinical studies was associated with increased mortality (Perlino and Rimland 1985) . Moreover, alcohol intoxication can inhibit cell division and the differentiation of precursor cells (i.e., hematopoietic stem cells) into granulocytes, which is a critical step in granulopoiesis triggered by infection (Zhang et al. 2009 ). These observations suggest that alcoholmediated effects on PMNs range from the initial stages of primitive hema topoietic precursor commitment to impaired recruitment to and function within infected tissues.
Effects on Mononuclear Phagocytes. Mononuclear phagocytes include monocytes in the blood, macrophages that reside in the tissues, and dendritic cells. Studies found that alcohol abuse impairs the phagocytic function of these cells. This effect is particularly important in the setting of tuberculosis, because in healthy people more than 90 percent of the inhaled tuberculosis pathogens (i.e., mycobacteria) are ingested and destroyed by alveolar macrophages. This initial defense is critical for clearing the infection and preventing the mycobacteria from further proliferating. Chronic alcohol abuse also affects monocytes in the blood: Although the number of these cells increases, their functioning is impaired at various levels. Thus, there are significant reductions in monocyte phagocy tosis (Mørland et al. 1988 ), adherence to other cells (which is essential for their recruitment to the tissues), production of reactive oxygen species, and intracellular microbe killing (Bermudez and Young 1991) , as well as alterations in the expression of various proteins (i.e., receptors) on the monocytes' surface.
Alcohol also induces enhanced expression of a molecule called CCR5 on the surface of macrophages, which is particularly important in patients with concurrent HIV infection. This molecule normally serves as a chemokine receptor. In HIVinfected patients, however, it also acts as a coreceptor (together with CD4) for HIV, allowing certain HIV or SIV strains to infect macrophages (Wang et al. 2002) . Accordingly, alcoholinduced enhanced expression of CCR5 leads to enhanced infectivity of these HIV strains in the macrophages. Similar effects have been observed in chronic alcoholfed rhesus macaques that show an increase in the percentage of CCR5expressing monocytes (Marcondes et al. 2008 ). This increase corre lates with an increase in the SIV viral "set point" 3 in the circulation (Bagby et al. 2003 , which in turn is associated with more rapid SIV disease progression.
Chronic alcohol ingestion also decreases the number of dendritic cells (Laso et al. 2007; Siggins et al. 2009 ), interferes with their differentiation, and impairs their functions, such as their ability to stimulate other cells (Szabo et al. 2004 ), absorb and ingest particles from out side the cell, and express costimulatory receptors (Lau et al. 2009 ). This alcoholmediated dendritic cell dysfunc tion prevents the organism from generating virusspecific adaptive immune responses involving CD4+ and CD8+ lymphocytes, which may contribute to the acquisition and persistence of hepatitis C infection (Siu et al. 2009 ).
Effects on NK Cells. NK cells are quantitatively and quali tatively altered by alcohol abuse, particularly in patients with advanced liver cirrhosis (Cook et al. 1997; Zhang et al. 2008) . For example, alcohol interferes with the expression of several NK cell proteins (e.g., proteins called perforin and granzymes A and B), and this inhibition leads to a decrease in the NK cells' ability to destroy their target cells. This impairment in NK cell activity may play a role in alcoholassociated tumor development and viral infection (Pan et al. 2006 ). Moreover, chronic alcohol feeding enhances liver fibrosis in response to treatment with a chemical called carbon tetrachloride (CCl 4 ). This enhanced fibrotic response is associated with reduced NK cell cytotoxicity and reduced expression of IFNγ, a cytokine know to inhibit liver fibrosis (Jeong et al. 2008) . Finally, alcohol activates a subgroup of NK cells called NKT cells that also express CD3, and the activation of these cells has been associated with enhanced liver injury (Minagawa et al. 2004 ) and hepatocyte apoptosis (Jaruga et al. 2004 ). 
ALCOHOL AND HEALTH
Alcohol and the Innate Humoral Response to Infections
The induced innate humoral response plays a critical role in clearing or containing infection while an adaptive response develops. It is characterized by the release of mediators of inflammatory reactions, such as cytokines and chemokines, as well as activation of the complement cascade. In addition, viral infections induce the production of various IFNs and acutephase proteins. Many of these components are affected by acute or chronic alcohol exposure.
Effects on Cytokines and Chemokines. The effects of alcohol on cytokine and chemokine production differ according to duration of alcohol exposure or administration. Acute alcohol exposure generally suppresses cytokine (Pruett et al. 2004 ) and chemokine responses. Conversely, chronic alcohol exposure frequently is associated with enhanced expression of inflammationpromoting (i.e., proinflammatory) cytokines (Mandrekar et al. 2009 ), particularly TNF (Nagy 2004) . These effects appear to be independent of the type of alcoholic beverage consumed (Romeo et al. 2007 ). The enhanced expression of proinflammatory cytokines induced by chronic alcohol exposure or consumption clearly leads to inflammation mediated tissue injury. Conversely, the suppression of proin flammatory cytokines and increased expression of anti inflammatory cytokines resulting from acute alcohol exposure have been associated with impaired host defense against infection. Acute alcohol reduces the production of proinflamma tory cytokines such as TNFα and IL1β in macrophages of the spleen and the lungs (Nelson et al. 1989 ) as well as in human blood monocytes. 4 In addition, both acute and chronic alcohol consumption enhance expression of anti inflammatory cytokines (Mandrekar et al. 2009 ). For example, chronic alcoholic patients undergoing cardiac and gastric surgery had higher levels of the antiinflammatory cytokine IL10, as well as a lower ratio between the proin flammatory IL6 and the antiinflammatory IL10. These changes were associated with a marked increase in infection rates after the surgery (Sander et al. 2002) . Preclinical studies have confirmed that injuries obtained during alcohol intoxication result in increased morbidity and mortality (Greiffenstein and Molina 2008) , because the body's ability to elicit an appropriate response to a subsequent inflam matory or infectious challenge (e.g., infection with the bacterium Klebsiella pneumoniae) (Zambell et al. 2004 ) is impaired. Similarly, excess alcohol at the time of burn injury (Choudhry and Chaudry 2006) or prior to a surgical intervention (Spies et al. 2008 ) is associated with impaired host defense response to infections.
In addition to these changes in cytokine function, investigators also have shown a contribution of barrier 4 Expression of TNFα and IL1β requires the actions of a protein called nuclear factor (NF) B.
The activity of this protein is regulated by another molecule, inhibitor of NF B (I B). Alcohol acts on this molecule (i.e., decreases phosphorylation of I B), thereby allowing I B to attach to NF B, interfering with its activation of cytokine expression (Mandrekar et al. 1999 ). In addition, alcohol interferes with TNF expression by inhibiting the normal processing of newly produced TNF that is necessary for normal TNF functioning (Zhao et al. 2003 ).
dysfunction to the postinjury increase in infections in intoxicated people (Choudhry et al. 2004 ). Thus, alcohol intoxication can suppress chemokine production and impair the expression of proteins that allow neutrophils to adhere to other cells at the site of infection, which also contributes to increased susceptibility to infection. For example, in a model of lung infection, acute alcohol intox ication suppressed the production of certain chemokines (i.e., CINC and MIP2) during infection and inflammation, thereby markedly impairing the recruitment of additional neutrophils to the site of infection (Boé et al. 2003) . This defective neutrophil recruitment could be partially restored by localized chemokine administration (Quinton et al. 2005) .
Effects on IFNs.
Various studies in isolated human spleen and blood mononuclear cells (Wagner et al. 1992) , alcohol ingesting rodents (Starkenburg et al. 2001) , and nonalco holic humans (Szabo et al. 2001 ) have demonstrated that acute alcohol exposure can suppress IFN secretion, which contributes to the risk and severity of infections. For example, the lungs of alcoholfed rodents infected with Klebsiella pneumoniae showed a decreased and delayed production of IFNγ mRNA and protein, which was associated with reduced bacterial clearance from the lungs and reduced survival of the animals (Zisman et al. 1998 ).
Effects on AcutePhase Proteins. Alcohol feeding suppresses the production and secretion of certain acutephase proteins (i.e., type II cell surfactant). This effect may contribute to lung injury in response to inflammation (Holguin et al. 1998 ).
Effects on Complement.
Few studies have investigated the effects of alcohol abuse on complement activation and its relationship with the incidence and severity of infection; instead, the focus of studies on alcoholinduced alterations in complement has been on liver injury (Pritchard et al. 2008) . However, alcoholic patients frequently have abnor mally low levels of complement in the blood. In addition, animal studies have indicated that acute alcohol intoxication can decrease complement activation in response to tissue injury resulting from disruptions in blood supply (i.e., ischemic injury). In contrast, chronic alcohol intake can activate the complement response (Roychowdhury et al. 2009 ), both by inducing the biochemical pathways that lead to activation of the complement cascade and by suppressing processes to terminate or regulate the cascade (Bykov et al. 2007 ).
Alcohol and the Adaptive Immune Response
Acute and chronic alcohol exposure can interfere with various aspects of the adaptive immune response, including the anti gen presentation required to activate T and Bcells, the activ ity of CD4+ and CD8+ Tcells, and the activity of Bcells.
Effects on Antigen Presentation
To elicit a response from the cellmediated arm of the adaptive immunity, antigens need to be presented to the CD4+ and CD8+ Tcells. Studies in rodents found that chronic alcohol feeding can impair presentation of protein antigens in the spleen (Mikszta et al. 1995) . Dendritic cells are among the most potent antigenpresenting cells. Acute alcohol intoxication impairs the antigenpresenting ability of these cells ). In addition, alcohol markedly affects the differ entiation of dendritic cells in blood and tissues (Ness et al. 2008) . The alcoholinduced defects in dendritic cell func tion include reduced levels of CD80 and CD86 on the cells' surface (which are necessary to induce activation of Tcells) as well as reduced production of IL12, which is critical for stimulating naïve CD4+ Tcells to become IFNγ-producing Th1 cells.
Effects on CD4+ (Helper) TCells
Numerous studies have demonstrated alcoholrelated impairment of Tcell responses to various challenges. For example, in rats that were administered the bacterium Klebsiella pneumoniae directly into the lungs, alcohol suppressed the IFNγ response of Th1 cells; when the animals were geneti cally modified to express additional IFNγ, however, their immune response was restored and they were able to clear the pathogen (Kolls et al. 1998) . In other studies, chronic alcohol feeding impaired Th1 responses to a hepatitis C virus protein, a defect that was hypothesized to result from impaired secretion of IL2 and GM-CSF by dendritic and Tcells (Geissler et al. 1997 ). This alcoholinduced defect in Th1 immunity correlates with suppression of IL12 secretion by macrophages and dendritic cells (Waltenbaugh et al. 1998) . Thus, it appears that alcohol inhibits Th1 immune responses and may predispose the organism to Th2 responses and that this shift is at least partly mediated by suppression of IL12.
In addition to the Th1 response, alcohol appears to interfere with the Th17 response. For example, following an infectious challenge, acute alcohol can suppress alveolar macrophage expression of IL23, which helps activate naïve Tcells to differentiate into Th17 cells (Happel et al. 2006) . Similarly, as with the Th1 responses, alcohol inhibits the ability of dendritic cells to promote Th17 responses, there by favoring Th2 responses (Heinz and Waltenbaugh 2007) .
Effects on CD8+ (Cytotoxic) TCells
Chronic alcohol decreases the numbers of CD4+ and CD8+ Tcells in the thymus and spleen (Saad and Jerrels 1991) . In addition, chronic alcoholics with cirrhosis have higher levels of unbound (i.e., soluble) CD8 protein in the blood, which could inhibit CD8+ Tcell activation. It is well documented that chronic alcoholics have more progressive hepatitis C infection as well as a diminished response to treatment, and this may be related to the alcoholinduced suppression of CD8+ Tcell function, which may complicate viral clearance (Jerrells 2002) . Evidence supporting this hypothesis includes the observation that chronic alcohol also delays the clearance of another virus (i.e., cytomegalovirus) from the liver in mice, and that this delay is associated with defects in the normal IL12 and IFNγ responses. Moreover, chronic alcohol has been associated with increased activation of CD8+ Tcells (Cook et al. 2004) , which could reflect homeostatic prolifer ation of Tcells and increased percentage of peripheral memory cells. However, the CD8+ Tcells that do infiltrate the liver in alcoholics with hepatitis C appear dysfunctional with respect to viral clearance.
Alcoholmediated effects on CD8+ Tcell function also have been linked to impaired immunity in the lung in response to influenza infection (Meyerholz et al. 2008) . Whether the increased viral load measured in SIVinfected chronic alcoholfed macaques can be attributed to dimin ished CD8+ Tcell function remains to be established Kumar et al. 2005) .
Effects on BCells
Several lines of evidence show that the number and function of Bcells are reduced by chronic alcohol. For example, chronic alcoholics exhibit loss of Bcells in the periphery and a reduced capacity to generate protective antibodies (Cook et al. 1996) . In addition, chronic alcohol can decrease the number of B cells that produce an antibody type called IgA 5 in one of the layers of mucous membranes (i.e., the lamina propria), which is indicative of altered mucosal immunity (Lopez et al. 1994) . Finally, alcohol inhibits the responsiveness of B cells at certain developmental stages (i.e., blasts, which are the precursors to the antibodysecreting plasma cells) to various cytokines, particularly to IL2 and IL4. However, alcohol may have a dual effect on Bcell function because some studies have reported that Bcells also could be activated in alcohol consuming people (Drew et al. 1984 ).
Alcohol's effects on the number and function of Bcells may have several consequences, including the following:
• Because Bcells also can function as antigenpresenting cells, an alcoholinduced reduction in the number of Bcells could inhibit antigen presentation.
• As mentioned earlier, most activated Bcells differentiate into plasma cells; accordingly, alcoholinduced suppres sion of Bcell differentiation may explain why chronic alcoholics reportedly show a reduced antibody responses to hepatitis B vaccine (Mendenhall et al. 1988 ).
• Chronic alcoholics have elevated levels of an immunoglobulin type called IgE, which is involved in allergic reactions; this elevation may be related to the previously mentioned 5 IgA is an antibody that plays a critical role in immune responses in the mucous membranes.
These membranes line the body cavities exposed to the external environment (e.g., the GI tract, respiratory tract, nostrils, mouth, or eyelids) and therefore are likely to come in contact with outside pathogens. IgA is the most common type of antibody produced in the body.
shift in Tcell response from a Th1 response to a Th2 response (DominguezSantalla et al. 2001 ).
Despite these observations, which shed some light on alcohol's effects on Bcells and their functions, some questions remain to be answered. For example, the acetaldehyde that is formed during alcohol metabolism can interact with other proteins in the cells, interfering with their function. Therefore, it is possible that acetaldehyde also interacts with antibodies and thereby may alter antibody responses; however, this remains to be established (Thiele et al. 2008) . Similarly, more work is needed to determine whether alcohol inhibits specific aspects of Bcell differentiation, such as immunoglobulin class switching and cell survival. 
Perspectives, Implications, and Future Research Directions
Alcohol has a broad range of effects on the structural, cellular, and humoral components of the immune system. This alcoholinduced dysregulation of the immune system renders the patient susceptible to a vast array of infectious pathogens, resulting in biomedical consequences such as increased risk of infections after surgery, traumatic injury, or burns; of liver disease, such as hepatitis C infection, fibrosis, and liver cancer; of ARDS and opportunistic infections in the lungs; and of accelerated progression of HIV disease (see figure 3 ). Alcohol abuse is particularly prevalent in HIVinfected people, and its ability to interfere with antiviral treatment is now well recognized. In addition, current studies have identified interactions between alcohol and infectious diseases that not only increase risk of and susceptibility to infection but also contribute to comorbidities arising from continued alcohol abuse in infected individuals. The alcoholinduced alterations in the immune environment likely contribute to the pathogenesis and burden of disease in infected people, particularly in the case of HIV and hepatitis C infection (Marcondes et al. 2008) . For example, patients who have a compromised immune system resulting from HIV infection and who chronically abuse alcohol are at increased risk for pneumonia. Similarly, chronic alcohol use by HIVinfected patients accelerates the disease course of HIV/AIDS (Shuper et al. 2010) . Similar synergis tic interactions exist for alcohol and hepatitis C infection. The prevalence of hepatitis C infection is 3 to 30fold higher in alcoholics compared with the general population (Singal and Anand 2007) , and these patients develop more severe fibrosis and have higher rates of cirrhosis and liver cancer compared with nondrinkers. Thus, alcohol abuse is associated not only with increased prevalence of HIV and hepatitis C infection, which can be attributed to behavioral and immune factors but also with more severe pathogenesis and accelerated disease progression that may at least in part result from decreased response rate to antiviral therapy (Siu et al. 2009 ). Given the substantial additional disease burden that alcohol imparts on people infected with HIV and viral hepatitis, a greater under standing of the precise mechanisms through which acute and chronic abuse alter the multiple facets of the host's immune response to these infections is needed. ■
